Many studies have shown that the incidence of both cardiovascular and cerebrovascular events increases immediately after the occurrence of great earthquakes, including the recent Great East Japan Earthquake. [1] [2] [3] [4] This means that cardiovascular risks increase following major earthquakes. Disaster-related temporary elevations in blood pressure that may reduce within a day, or elevations lasting from days to weeks have been considered major contributors to an increased incidence of cardiovascular events. [5] [6] [7] [8] Most studies conducted in patients with hypertension, diabetes, or end-stage renal disease have shown that elevations in blood pressure following disasters returned to normal within 1-6 months. 5, 6, 9, 10 On the other hand, one study conducted among local government staff engaged in disaster relief after the Mid-Niigata earthquake showed that 3-4 months after the disaster, the staff members with the highest workload experienced significantly greater elevations in blood pressure compared to those with the lowest workload, suggesting that overwork could result in prolonged blood pressure elevation. 11
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Many studies have shown that the incidence of both cardiovascular and cerebrovascular events increases immediately after the occurrence of great earthquakes, including the recent Great East Japan Earthquake. [1] [2] [3] [4] This means that cardiovascular risks increase following major earthquakes. Disaster-related temporary elevations in blood pressure that may reduce within a day, or elevations lasting from days to weeks have been considered major contributors to an increased incidence of cardiovascular events. [5] [6] [7] [8] Most studies conducted in patients with hypertension, diabetes, or end-stage renal disease have shown that elevations in blood pressure following disasters returned to normal within 1-6 months. 5, 6, 9, 10 On the other hand, one study conducted among local government staff engaged in disaster relief after the Mid-Niigata earthquake showed that 3-4 months after the disaster, the staff members with the highest workload experienced significantly greater elevations in blood pressure compared to those with the lowest workload, suggesting that overwork could result in prolonged blood pressure elevation. 11 The above hypothesis was further supported by our prospective study conducted in Watari town, which was affected by the Great East Japan Earthquake and tsunami during our follow-up period. We found that public employees demonstrated greater increases in both systolic (11.3 vs. −1.9 mm Hg, P < 0.001) and diastolic blood pressure (7.8 vs. 1.1 mm Hg, P < 0.001) compared with the general population even 4-8 months after the disaster. 12 In this case, about 50% of the town area was flooded by the tsunami and nearly 1% of the total population died. The marked and long-lasting blood pressure elevation observed in public employees following this disaster could largely be explained by the extreme workload, of a scope they had never previously experienced.
An important question, however, was whether the elevated blood pressure returned to normal levels after the disaster, as the disaster relief operations continued. To address this issue, we evaluated further long-term blood pressure changes in the public employees based on medical checkup data collected upon follow-up in 2012, and compared the data of the public employees with those of the general population using a propensity-matched pair analysis. 
Blood Pressure Elevation Lasting

BACKGROUND
We have previously reported that the public employees of Watari town showed significantly greater elevations in both systolic and diastolic blood pressure than the general population 4-8 months after the Great East Japan Earthquake, which occurred on 11 March 2011. To examine whether these differences persisted thereafter, we conducted a follow-up study for both the public employees and the general population of Watari town over 1 year.
METHODS
Among 225 public employees and 1232 individuals from the general population of the town who received consecutive annual health checkups from 2010 to 2012, 89 pairs were matched for age and sex according to a propensity score.
RESULTS
The baseline characteristics (predisaster) did not statistically differ between the paired groups. The public employees showed significantly higher systolic and diastolic blood pressure in 2011 (postdisaster) compared with the general population (129.8 ± 14.0/78.0 ± 11.7 vs. 117.0 ± 14.4/71.6 ± 11.4 mm Hg, P < 0.001 for both). Furthermore, the systolic blood pressure of the public employees remained significantly higher than that of the general population in 2012 (125.3 ± 16.0 vs.
METHODS
Study population
The Watari study is a population-based prospective cohort study initiated in 2008 with the purpose of identifying risk factors for cardiovascular morbidity and mortality. The detailed methodology of the study has been reported previously. 13 Among participants in this study, 1232 members of the general population and 255 public employees received consecutive annual health checkups in 2010 (the year prior to the disaster), 2011 (several months after the disaster), and 2012 (more than 1 year after the disaster). Because the mean age was nearly 25 year higher in the general population than in the group of public employees, and many variables differed markedly between the 2 groups at baseline, we used propensity score matching rather than multiple logistic regression analysis to compare the data. This would allow minimization of the influence of unrecognized important variables. A total of 89 age-and sex-matched pairs were created using the propensity score method. The protocol for this study was approved by the ethics committee of Tohoku Rosai Hospital, and written informed consent was obtained from all participants.
Measurements
We measured anthropometric parameters including body height and weight, and calculated body mass index (BMI) as weight (kg) divided by the square of height (m). Sitting blood pressure was recorded by trained nurses using a semiautomatic sphygmomanometer (BX-10; Omron Colin, Kyoto, Japan) after participants had rested for at least 5 minutes. Blood samples after an overnight fast were collected for the measurement of glycated hemoglobin (HbA1c) and lipid profiles including triglycerides, high-density lipoprotein and low-density lipoprotein cholesterol. Information on the use of antihypertensive medications was obtained via questionnaire assessments.
Statistical analysis
The differences between the years and groups were examined using the paired and unpaired t-test, Mann-Whitney U test, chi-square test, or analysis of covariance.
We used a logistic regression model to generate a propensity score for each subject. Multivariate logistic regression analysis with group (public employee vs. general population) as the dependent variable revealed that age and sex were significant variables (P < 0.05 for both), so these 2 variables were considered for propensity score matching. We created 89 matched pairs using 1:1 nearest neighbor matching within a caliper of 0.01.
We used JMP 9.0 for Windows (SAS Institute, Cary, NC) and IBM SPSS Statistics 19.0 (IBM Corp., Armonk, NY) for statistical analyses. Data are expressed as mean ± SD, percentages, or adjusted mean values (95% confidence interval), and a P value of <0.05 was considered statistically significant.
RESULTS
Clinical characteristics before the disaster (2010) were similar between the paired groups, although BMI was lower and high-density lipoprotein cholesterol and HbA1c were higher in the public employee group (Table 1) . Postdisaster blood pressures in 2011, however, were much higher in the public employee group than in the general population group. The differences in blood pressure from 2011 to 2010 were 9.9 ± 12.8 and −3.0 ± 12.8 mm Hg for the systolic (P < 0.001), and 5.3 ± 8.0 and 0.2 ± 10.1 mm Hg for the diastolic blood pressure (P < 0.001), respectively. Those differences were quite similar to those observed using the data adjusted for age and sex by analysis of covariance, as we reported previously. 12 Moreover, measurements performed in 2012 revealed that systolic blood pressure in the public employee group continued to be higher than that in the general population, although the difference did not reach the level of statistical significance for diastolic blood pressure. Systolic and diastolic blood pressures in 2012 were both significantly higher than the values in 2010, the predisaster year, in the public employee group (P < 0.001 for both), while there was no significant difference in either of the measures in the general population group.
In the public employee group, the changes in systolic and diastolic blood pressure from 2010 to 2011 were significantly correlated with those from 2010 to 2012 (r 2 = 0.46 for systolic and r 2 = 0.44 for diastolic, P < 0.001 for both) and inversely correlated with the changes in blood pressure from 2011 to 2012 (r 2 = 0.13 for systolic and r 2 = 0.12 for diastolic, P < 0.001 for both). Additionally, the changes in systolic and diastolic blood pressure from 2010 to 2011 and from 2010 to 2012 were significantly correlated with the corresponding yearly changes in BMI (P < 0.001 for all).
An increase was observed in the frequency of antihypertensive medication use from 2010 to 2011 in both groups, but the use decreased thereafter only in the public employee group. The frequency did not differ between the 2 groups in 2011, although it showed a tendency to be higher in the public employee group than in the general population group.
We conducted a sensitivity analysis excluding subjects on antihypertensive medications (Supplementary Table S1 ). The results were substantially similar for the data in 2011 but differences in blood pressure did not reach a statistically significant level in 2012. We further compared blood pressure changes from 2010 to 2012 between normotensive and hypertensive public employees, and neither systolic nor diastolic blood pressure changes differed significantly between hypertensive and normotensive public employees (5.2 ± 16.9 vs. 5.4 ± 12.6 mm Hg for systolic and 3.3 ± 12.7 vs. 3.2 ± 7.6 mm Hg for diastolic blood pressure, respectively). Moreover, we constructed another propensity score model including not only age and sex but also BMI, smoking status, and use of antihypertensive medication (Supplementary  Table S2 ). This approach has yielded nearly the same results as those of the age-sex matched pairs. Finally, we conducted multiple logistic regression analysis using all samples of the general population and public employees, as shown in Supplementary Table S3 . The results were essentially similar to those obtained using the propensity score method.
DISCUSSION
In the current study, we have demonstrated that the blood pressure of the public employees in the affected area was significantly higher than that of the general population at 1 year after the Great East Japan Earthquake. Furthermore, the increases in systolic and diastolic blood pressure from 2010 to 2011 were significantly correlated with the increases from 2010 to 2012 (P < 0.001 for both systolic and diastolic blood pressure), suggesting that the blood pressure elevations observed in 2011 were prolonged until 2012.
There is little literature on long-term changes in blood pressure after great earthquakes based on observational cohort data. Giorgini et al. reported increased blood pressure (approximately 6.5 mm Hg for systolic and 4.1 mm Hg for diastolic blood pressure) in 24 hypertensive outpatients without changes in medication with the use of 24-hour ambulatory monitoring at 15 ± 5 months after the 2009 L' Aquila earthquake 14 and proposed long-term careful observation and adequate treatment modifications in hypertensive patients receiving therapy. Our data extend this concept for public employees in disaster areas. Indeed, 15 public employees in the current study demonstrated systolic blood pressure ≥ 140 mm Hg and/or diastolic blood pressure ≥ 90 mm Hg in 2012 but 9 of these (60%) received no antihypertensive medications. We failed to clarify the reasons for the prolonged blood pressure elevation in the subjects in this study. However, the close correlation between longterm changes in blood pressure and BMI strongly suggests involvement of environmental factors. We speculate that work stress related to long-term disaster relief could be one of the contributing factors.
The present study has several limitations. First, as participation in annual health checkups is voluntary, our study population does not necessarily represent the entire population of the area. Second, information on the types and doses of antihypertensive medications could not be obtained. Finally, as this study was observational, we were unable to determine the mechanism and causal relationship between the disaster and blood pressure elevation.
In conclusion, prolonged blood pressure elevation was observed among public employees even more than 1 year after the Great East Japan Earthquake disaster. Close monitoring of blood pressure is necessary to reduce cardiovascular risks among public employees engaged in long-term disaster relief operations.
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